Purpose: Up to date, some approaches retarding the flow of cerebrospinal fluid (CSF) could be regarded as direct applications of the fluid mechanics (Poiseuille's law). However, there is a lack of the research on the efficacy of subfascial drainage for management of CSF leak after spine surgery based on the law. This is a prospective and comparative study on subfascial drainage for CSF. Methods: Every four months in the three years from January 2010 to December 2012, the patients were enrolled respectively in Group A, Group B and Group C, in which, the drainage tube was discontinued within postoperative 3e4 days, 5e6 days, 7e10 days. Results and complications of postoperative CSF leak were investigated, and mean wound healing time (MWHT) of the three groups was compared. Results: A total of 108 cases (Group A/B/C:35/32/41) of CSF leak following posterior spine surgery were admitted to Tianjin Union Medicine Center, and 92 cases have been followed up for more than 1 year (follow-up rate of 85.2%). Preoperative demographics were similar among the 3 groups. In Group A, 7 patients developed CSF leak through the wound (CSFLW), of which 5 cases had to undergo reoperation. One case in Group A was confirmed to have pseudomeningocele at the 1st month after surgery. The MWHT was (16.6 ± 3.6) days. In Group B, 3 patients developed CSFLW and cured by reoperation, in which 1 case of superficial infection recovered well after reoperation. MWHT was (11.4 ± 2.2) days. In Group C, CSFLW was not found and MWHT was (10.1 ± 2.9) days. The differences of MWHT among Groups A, B and C were statistically significant. Conclusion: Postoperative subfascial drainage, which is used to decrease the subfascial space pressure (P 2 ), would help wound healing. When it is placed for more than 7 days, the wound resistance (Rw) would be strong enough to withstand the subarachnoid pressure (P 1 ). Meanwhile, the power transduction in a sequence of Rw > P 2 >P 1 will indirectly retard CSF leak at the durotomy site and accordingly facilitate the healing of damaged spinal dura mater.
Introduction
Durotomy-induced cerebrospinal fluid (CSF) leak is a common complication during spine surgery with a reported incidence of 3%e16%.
1 CSF leak can be identified by direct intraoperative recognition or by postoperative elicitation of characteristic symptomatology. If handled improperly, it may pose risks with persistent leak through the wound, nerve root entrapment, meningitis, brain abscess, or even intracranial hemorrhage. 2 The optimal method for managing CSF leak remains controversial. The current treatment principle has been focused on direct suture of durotomy site. However, in some cases, the torn/defected dura can not be repaired adequately during operation. And direct suture repair may prolong operative time and increase surgical risk. CSF follows Poiseuille's law during its flow in the subarachnoid space, and approaches to retarding CSF leak is regarded as direct applications of the law. 3, 4 The flow results from the difference of fluid pressures at 2 communicating points and the resistance between the two points (F ¼ P 1 eP 2 /R) 5 ( Figs. 1 and 2 ). So the following treatment methods could be summarized to decrease P 1 , increase P 2 , and increase R: adjusting patient's position, 6 CSF shunting by subarachnoid catheter, 7, 8 inhibiting the formation of CSF with drugs such as acetazolamide, 9 applying repair materials such as collagen matrix, 10 patch, 11 hydrogel, 12 fibrin glue, 13 epidural blood patch 14 or suture techniques including posterior lumbar disk scope 15 or the U clip, 16 and applying external pressure on the wound or partial pressure suture. 17 In this prospective study, we made a further elucidation on the duration of postoperative drain placement and Poiseuille's law.
Materials and methods

Patient selection
We examined the detailed data from a cohort of patients undergoing posterior spine surgery during January 2010 to December 2012 at Tianjin Union Medicine Center. The Institutional Review Committee of the centre approved this research. All patients were well explained about the study and an informed consent was obtained from them.
Inclusion criteria: 1) cases undergoing posterior spine surgery; 2) the torn/defected dura beyond repaired one during operation and left unrepaired; 3) postoperative CSF leak >100 mL/day; 4) sufficient and necessary information in the operative report and medical record; 5) more than 1 year follow-up.
Exclusion criteria: 1) cases combined with morbidities of diabetes, obesity, malnutrition, cancer, or spinal infection; 2) cases with incomplete information mentioned above.
Every four months in the three years, the patients were enrolled respectively in Group A, Group B and Group C, in which, the drainage tube was discontinued within postoperative 3e4 days, 5e6 days, 7e10 days respectively. A total of 108 cases (Group A/B/ C:35/32/41) were enrolled and followed up at postoperative 1 month, 3 month, and 1 year.
Medical record review
The medical and operative records were reviewed and information regarding sex, age, surgical procedures, surgical site, methods and materials for repair, and the data about location and size of the durotomy were also extracted for analysis. Medical records were used to gather information regarding postoperative treatment such as the duration of drainage tube placement, complications and wound healing time.
Surgical procedure
All procedures throughout this study were performed by a senior spinal surgeon and his team. A piece of gelatin sponge was layered over the durotomy site. The surgical incision was sutured layer by layer and it is imperative that the wound closure is so watertight that it could withstand the strength of the Valsalva maneuver at the conclusion of the suture repair. The most important deep fascial layer of wound closure was accomplished in an interrupted fashion. The drainage tube (8 mm Â 400 mm) was placed in the subfascial space close to the durotomy site, connected to a 1000 mL bag without suction to establish a closed drainage system. The skin entry site of drainage tube was covered with a transparent waterproof dressing in order to ensure sterility. The collection bag was kept on the patient's bed to avoid gravity drainage of CSF and patient was requested to rest on bed during the postoperative wound drain period. Additionally, the drainage bag was changed every 24 h with strict aseptic measures and wound dressing was done every 24e72 h. Postoperatively patients were given third generation cephalosporin (2 g/day, tid) for 7 days.
Treatment of postoperative CSF leak
Conservative treatment methods included increasing the local incision pressure and keeping patients with a special position. Reoperation intervention was indicated after a failure of conservative treatment, which included exposure of incision, placement of drainage tube in the subfascial space and suture of the deep fascia under local anesthesia.
Statistical analysis
Preoperative and postoperative t-value was calculated by SPSS 19.0 statistical software. A p value <0.05 is considered to be statistically significant.
Results
Patient characteristics
92 cases (M/F: 47/45, Group A/B/C: 31/25/36) have been followed up (follow-up rate of 85.2%), with the mean age of 53.7 yeas. Differences of symptom duration among the 3 groups were of statistical significance. The other preoperative patients' demographics were similar ( Table 1 ). The patient characteristics were shown in detail in Table 2 .
Results and complications of postoperative CSF leak
In Group A, 7 patients developed CSF leak through the wound (CSFLW), of which 2 cases were cured by increasing the local incision pressure and 5 cases with reoperation. Pseudomeningocele was found in 1 case in Group A at 1st month after surgery, who accepted reoperation and recovered well. The mean wound healing time (MWHT) was (16.6 ± 3.6) days. In Group B, 3 patients developed CSFLW but cured by reoperation, in which 1 case of superficial infection recovered well after reoperation. MWHT was (11.4 ± 2.2) days. In Group C, CSFLW was not found and MWHT was (10.1 ± 2.9) days. The differences of MWHT among Groups A, B, and C were all statistically significant (Table 3) .
Discussion
Durotomy-induced CSF leak is a common complication during posterior spine surgery. If handled improperly, the incision will be surrounded by leaked CSF, which will further bring about some formidable problems such as non-healing wound, infection, prolonged hospital stay, and increased costs.
1,2,17 Despite surgeon's efforts, not all the durotomy site can be recognized and repaired successfully. Even direct suture of durotomy cannot avoid initial leakage from the suture line to outside of the wound. Up to now, the method in managing CSF leak remains unsatisfactory in spite of diverse opinions. Postoperative wound drainage is recommended by some surgeons to discharge epidural CSF. There still exists a dispute about the time period of subfascial drainage. Someone supports drainage for a long time (10e17 days) without suture of durotomy, as the wound closure is felt to be well healed without the risk of CSF leak from incision. And they succeeded in allowing the dura to heal with prolonged drainage. 18 The others support postoperative drainage of an average of 3 days. 19 In this prospective study, 7 patients developed CSF leak in Group A and 3 patients in Group B. It is demonstrated that postoperative drainage tube placement within 6 days could not guarantee the wound to produce sufficient strength and resistance, inability to completely prevent the leakage through the wound. We retained the drainage for 7e10 days in Group C and CSF was not found. It is showed that postoperative drainage for more than 7 days will guarantee R W to withstand the subarachnoid pressure (P 1 ) and avoid the need of subfascial drainage.
According to Poiseuille's law, the treatment principle for CSF leak could be explained as follows: there is an epidural CSF pool with fixed size formed secondary to durotomy, which is wrapped by sutured tissue. 2, 20 With the increase of CSF outflow, P 2 will increase accordingly. However owing to a limited strength and resistance of sutured tissue (Rw) around the space at the early stage, when P 2 achieves a limit beyond Rw, it will lead to a persistent communication between the intradural and outside of the wound (P 1 > P 2 > Rw), causing CSF leak through the skin incision. CSF leaks continuously in sequence of the durotomy spot / epidural space / skin incision, which will result in delayed wound healing or non-healing. 21 We believe that wound healing condition can be ameliorated by tight suture of the incision to increase Rw and sufficient subfascial drainage to discharge leaked CSF (decreasing P 2 ). Sufficient drainage time will guarantee a sufficient R W to withstand the subarachnoid pressure (P 1 ). During the course of incision closure, it is imperative to ensure the wound closure watertight so that it could withstand the strength of the Valsalva maneuver. 20 When postoperative CSF leak through the skin incision is diagnosed, immediate reoperation is advocated, particularly to prevent formation of a chronic fistula or pseudomeningocele. The main reasons for pseudomeningocele are inadequate suture of the deep fascia, a large lacuna under the deep fascia, and inability to repair the durotomy site. 21 One case in Group A was confirmed pseudomeningocele at 1st month after surgery, and he accepted reoperation and recovered well. One case of superficial infection recovered well after reoperation. Conservative treatment is not satisfactory for CSF leak. In addition, the continuing leak will cause delayed wound healing or incision infection. 22, 23 In Group A, 7 patients developed CSF leak and 5 cases were cured by reoperation. In Group B, 3 patients developed CSF leak and recovered by reoperation. So reoperation is strongly recommended if the patient would like to accept it.
